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DYNAMICAL SYMMETRY BREAKING
IN RANDALL-SUNDRUM BACKGROUND
Tomohiro Inagaki1
Information Media Center, Hiroshima University, Kagamiyama 1-7-1, Higashi-Hiroshima, 739-8521, Japan
Characteristic features of dynamical symmetry breaking are investigated in Randall-Sundrum (RS) background. To
study the influence of bulk fermion or bulk gauge field I consider a five-dimensional four-fermion interaction model and
a non-Abelian gauge field theory as simple models where the chiral symmetry is broken down dynamically. Using a
four-dimensional Lagrangian induced from the five-dimensional theory, I calculate the dynamically generated fermion
mass and show how the extra dimension affects the chiral phase transition in the RS background.
1. Introduction
The idea of compact extra dimensions has been pro-
posed to solve the cosmological constant problem, why
our Universe seems flat even if we have a cosmological
constant appearing from a vacuum expectation value
[1], and the hierarchy problem between the Planck scale
and the electroweak scale [2], [3]. A brane is a four-
dimensional object embedded in a higher dimensional
space-time, called bulk. In the original idea of the brane
world scenario the standard model particles are localized
on the Minkowski brane, while the graviton can propa-
gate in extra dimensions, the bulk.
A dynamical mechanism of electroweak symmetry
breaking has been re-examined in compact extra dimen-
sions in Refs. [4], [5], [6], [7], [8]. The finite size effect
and the boundary condition can dramatically change
the phase structure of dynamical symmetry breaking [9].
It has been pointed out that exchange of Kaluza-Klein
(KK) modes enhances dynamical symmetry breaking.
A possibility of the top quark condensation is revived
along with the brane world scenario [10].
To avoid a fine tuning of the radius of compact ex-
tra dimensions, Randall and Sundrum introduced a 5D
space-time with a curved extra dimension [11]. In their
model it is assumed that the fifth dimension θ is com-
pactified on an orbifold, S1/Z2 , and two Minkowski
branes exist at the orbifold fixed points, θ = 0 and
pi . It was found that this space-time satisfies the Ein-
stein equation for special bulk and brane cosmological
constants. The RS background is a 5D anti-de-Sitter
space described by the metric,
gµν = e−2kr|θ|ηµνdx
µdxν + r2dθ2. (1)
The exponential factor e−2kr|θ| is called a “warp factor”.
The RS brane world has two Minkowski branes in
five-dimensional negative-curvature space-time, AdS5 .
It has been known that the space-time curvature has
an important effect on the phase structure of dynamical
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symmetry breaking [12], [13], [14], [15]. Especially in
negative-curvature space-time it has been shown that a
chiral symmetry is always broken down for models with
four-fermion interactions if the space-time dimension is
less than four [16], [17].
In the RS background, the effective Planck scale Mpl
, i.e. mass scale for gravity, is given by the ration
Mpl
2 ∼ M
3
k
(1− e−2krpi) ∼ M
3
k
, (2)
where M is the fundamental scale in the bulk and k is
the curvature. On the other hand, the mass scale Mphys
on the θ = pi brane is suppressed by the warp factor,
Mphys =Me
−krpi. (3)
For k ∼ 11, it is able to consider the mass scale{
M ∼ k ∼ O(Mpl),
Mphys ∼ O(MEW ). (4)
Therefore the electroweak mass scale can be naturally
realized from only the Planck scale without introducing
some large number. This is the most important mecha-
nism of the RS model. I want to realize this mechanism
dynamically. For this purpose we launched a plan to
evaluated some models of dynamical symmetry break-
ing in the RS brane world [18], [19], [20].
In the present paper we consider a bulk standard
model where the standard model particles also prop-
agate in the extra dimensions. In the bulk standard
model the KK excitation modes of the standard model
particles appear on the brane. These KK modes may af-
fect some of low energy phenomena on the brane. One
of the most interesting phenomena is found in a spon-
taneous electroweak symmetry breaking. It is expected
that a negative curvature enhances the symmetry break-
ing. I discuss the contribution from the KK modes to
the dynamical symmetry breaking.
First I will introduce the bulk fermion in the RS
background. I show that a low fermion mass is generated
dynamically. Next I analyze a bulk gauge theory by
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using the improved ladder SD equation. Finally I give
the concluding remarks.
2. Bulk four-fermion interaction model
As a simplest example of dynamical symmetry breaking,
we consider a four-fermion interaction model with bulk
fermions,
L5D =
√
−G [ψ¯5D1 i∂/ψ5D1 + ψ¯5D2 i∂/ψ5D2
+ λ(ψ¯5D1 ψ
5D
2 )(ψ¯
5D
2 ψ
5D
1 )
]
, (5)
where we assume the existence of two kinds of bulk
fermions with different parity,{
ψ5D1 (x, θ) = γ5ψ
5D
1 (x,−θ),
ψ5D2 (x, θ) = −γ5ψ5D2 (x,−θ). (6)
Two kinds of fermions are necessary for constructing
Dirac mass terms for bulk fermions in the induced 4D
theory [21].
The bulk fermion is expanded into KK modes,
ψ5D(x, θ) =
∞∑
n=0
ψ
(n)
R (x)g
(n)
R (θ) + ψ
(n)
L (x)g
(n)
L (θ), (7)
where g
(n)
L and g
(n)
R are left and right mode functions
which satisfy

∫
dθe−3kr|θ|g
(n)
L (θ)g
(n)
L (θ) = δmn,∫
dθe−3kr|θ|g
(n)
R (θ)g
(n)
R (θ) = δmn.
(8)
Substituting Eq.(7) into (5) and applying the auxiliary
field method, the Lagrangian reduces to
L = ψ¯(0)1R iγµ∂µψ(0)1R + ψ¯(0)2L iγµ∂µψ(0)2L
+
∑
1≤n
[
ψ¯
(n)
1R iγ
µ∂µψ
(n)
1R + ψ¯
(n)
1L iγ
µ∂µψ
(n)
1L
ψ¯
(n)
2R iγ
µ∂µψ
(n)
2R + ψ¯
(n)
2L iγ
µ∂µψ
(n)
2L
]
+
∞∑
m,n=0
(
ψ¯
(m)
1R ψ¯
(m)
2R ψ¯
(m)
1L ψ¯
(m)
2L
)
M


ψ
(n)
1R
ψ
(n)
2R
ψ
(n)
1L
ψ
(n)
2L


−
∫
dθr
√
−G |σ|
2
λ
. (9)
Integrating over the fifth direction θ , we obtain the in-
duced 4D Lagrangian. Starting from the induced 4D
Lagrangian, we calculate the effective potential. The
vacuum expectation value of the composite operator ψ¯ψ
is determined by observing the minimum of the effective
potential. It is proportional to the dynamical mass of
the fermion. Here we suppose a specific form for the
vacuum expectation value and restrict ourselves to some
specific cases to integrate over the fifth direction θ an-
alytically.
There is no translational invariance along the θ di-
rection in the RS background. The vacuum expectation
vale 〈ψ¯ψ〉 is not necessary constant. We suppose the
following form for the vacuum expectation value of the
composite operator,
〈ψ¯ψ〉 = 1
λ
vekrθ, (10)
and evaluate the effective potential. In this case the
minimal vale of the effective potential is smaller than
the constant 〈ψ¯ψ〉 if the number of KK mode is not so
small. I notice that the warp suppression in the fermion
mass term is canceled out by the factor ekrθ .
There is a second order phase transition as λ in-
creased. The chiral symmetry is broken above the crit-
ical coupling λc . It is found that the critical coupling
λc is warp-suppressed.
λc ∼ 2pi
3
Λ3
e−krθ, (11)
where Λ is the cut-off scale. The vacuum expecta-
tion vale 〈ψ¯ψ〉 is generated dynamically even for an ex-
tremely small coupling. But it is not suppressed by the
warp factor. The fermion field acquires a Planck scale
mass correction.
On the other hand, the dynamical fermion mass is
given by
m±n ∼
∣∣∣∣v ± nkpiekpir − 1
∣∣∣∣ , n = 0, 1, 2, · · · , (12)
for each KK mode. The lightest fermion mass is smaller
than the mass scale Mphys on the θ = pi brane even if
the vacuum expectation value v develops a value near
the Planck scale [22]. Therefore the low mass fermion is
generated dynamically in the bulk four-fermion interac-
tion model.
3. Bulk gauge theory
Next we assume the existence of five-dimensional bulk
gauge fields, while the fermion fields are confined to the
brane. The Lagrangian of a bulk gauge theory is given
by
L5D =
√
−G
[
−1
4
F 5D
MN
F 5DMN
+ ψ¯(i∂/+ gA/
5D
)ψδ(θ − θ∗)
]
, (13)
where θ∗ describes the brane fixed points. The KK
mode expansion for the gauge field is given by
A5Dµ(x, θ) =
∞∑
n=0
A(n)µ(x)χn(θ)
+
∞∑
n=1
A˜(n)µ (x)χ˜n(θ), (14)
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where χn and χ˜n are the Z2 -even and odd mode func-
tions which satisfy

1
2pi
∫
dθχm(θ)χn(θ) = δmn,
1
2pi
∫
dθχ˜m(θ)χ˜n(θ) = δmn.
(15)
Applying the KK mode expansion and integrating over
the extra direction, we obtain the induced 4D La-
grangian on the brane [19], [20],
Leff =
∞∑
n=0
[
−1
4
F (n)
µν
F (n)µν +
1
2
Mn
2A(n)
µ
A(n)µ
]
+
∞∑
n=1
[
−1
4
F˜ (n)µν F˜ (n)µν +
1
2
Mn
2A˜(n)µA˜(n)µ
]
+
∞∑
n=0
gχn(θ)ψ¯(A/
(n)
)ψ
+
∞∑
n=1
gχ˜n(θ)ψ¯(A˜/
(n)
)ψ, (16)
where we take the A4 = 0 gauge. Since the KK-excited
gauge field is localized at θ = pi , the 4D effective cou-
pling between KK-excited modes and the brane fermion
is enhanced by χn [21]. Thus an effective strong cou-
pling is obtained for KK-excited modes. This strong
coupling enhances the dynamical symmetry breaking.
Starting from the Lagrangian (16), we derive the
Schwinger-Dyson (SD) equation for the full brane fermion
propagator on the θ = pi brane. Here we consider the
bulk SU(3) gauge theory, i.e., bulk QCD. We replace the
full gauge boson propagator and the full vertex function
in the SD equation with the free propagator and the
1-loop running coupling constant. It is well-known im-
proved ladder approximation [23], [24]. The running
coupling has a power law behavior in the truncated KK
approach [25], [26]. In Refs. [27] it is pointed out that
the running is only logarithmic in RS background. If the
gauge coupling has no power law correction, the effect
of the KK modes will be slightly enhanced. Roughly
speaking, the KK modes propagation enhances the dy-
namical symmetry breaking, while the power-law run-
ning suppresses it.
We numerically solved the improved ladder SD equa-
tion and found the behaviors of the fermion wave func-
tion and the mass function on the θ = pi brane. A
second order phase transition takes place at the criti-
cal value of the coupling constant. It should be noted
that the gauge-fixing parameter is chosen to satisfy the
QED-like WT identity, i.e., the wave function correction
disappears. In our numerical analysis the wave function
correction is smaller than 0.7%. We found that the scale
of the fermion mass function is near the scale on the
brane. On θ = pi brane the dynamical fermion mass is
warp-suppressed.
We can calculate the decay constant for a composite
scalar field by using the Pagels-Stokar formula [28], [29].
The scale of the decay constant is also near the mass
scale on the brane. We can calculate the same quantity
in the 5D flat extra dimension. In this case the scale
of the decay constant is located near the QCD scale
ΛQCD . The effective strong coupling gχn enhances the
dynamical symmetry breaking in the RS background.
Therefore it is possible to obtain an electroweak-scale
decay constant from bulk QCD [20].
4. Summary
Two models of dynamical symmetry breaking have been
investigated in the RS background. We have studied a
model where fermion propagates in the extra dimension,
i.e., a bulk fermion model, and a theory where a gauge
boson propagates in the extra dimension, i.e., a bulk
gauge theory. Using the induced 4D theory, we have
evaluated the dynamically generated fermion mass.
First we have considered the model with bulk fermions.
Assuming the existence of two kinds of bulk fermions,
we have calculated the 4D effective potential. The chiral
symmetry is broken down through a second-order phase
transition for λ > λcr . It is natural to take the scale of
〈ψ¯5Dψ5D〉 as the fundamental scale of the bulk. It is
found that a low-mass fermion appears even if the vac-
uum expectation value, 〈ψ¯5Dψ5D〉 , is near the Planck
scale.
Next we have studied bulk QCD. The bulk gauge
boson does not decouple on the θ = pi brane due to the
effective strong coupling. It follows from the localiza-
tion of KK modes. I analyze the effects of the KK mode
propagation and power-law running. We have numeri-
cally solved the SD equation for the full brane fermion
propagator. It is found that the dynamical mass of the
brane fermion and the decay constant of the compos-
ite Nambu-Goldstone scalar are warp-suppressed from
the fundamental scale at θ = pi . The electroweak mass
scale can be realized from only the Planck scale in the
RS brane world due to the fermion and anti-fermion con-
densation. It is a dynamical realization of the Randall-
Sundrum mechanism.
The models discussed here are only simple toy mod-
els. Some extension is necessary to construct a realistic
model of electroweak symmetry breaking. Here we have
not considered the Yukawa coupling for light fermions.
We must introduce the origin of light fermion masses
and explain the hierarchy in the Yukawa coupling.
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